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Andrew Steptoe, DSc
IMPORTANCE Lower educational attainment is associated with a higher risk of dementia.
However, less clear is the extent to which other socioeconomic markers contribute to
dementia risk.
OBJECTIVE To examine the relationship of education, wealth, and area-based deprivation
with the incidence of dementia over the last decade in England and investigate differences
between people born in different periods.
DESIGN, SETTING, AND PARTICIPANTS Data from the English Longitudinal Study of Ageing, a
prospective cohort study that is representative of the English population, were used to
investigate the associations betweenmarkers of socioeconomic status (wealth quintiles and
the index of multiple deprivation) and dementia incidence. To investigate outcomes
associated with age cohorts, 2 independent groups were derived using a median split (born
between 1902-1925 and 1926-1943).
MAIN OUTCOMES ANDMEASURES Dementia as determined by physician diagnosis and the
Informant Questionnaire on Cognitive Decline in the Elderly.
RESULTS A total of 6220 individuals aged 65 years and older enrolled in the study (median
[interquartile range] age at baseline, 73.2 [68.1-78.3] years; 3410 [54.8%] female). Of these,
463 individuals (7.4%) had new cases of dementia ascertained in the 12 years between
2002-2003 and 2014-2015. In the cohort born between 1926 and 1943, the hazard of
developing dementia was 1.68 times higher (hazard ratio [HR] = 1.68 [95% CI, 1.05-2.86]) for
those in the lowest wealth quintile compared with those in the highest quintile, independent
of education, index of multiple deprivation, and health indicators. Higher hazards were also
observed for those in the second-highest quintile of index of multiple deprivation (HR = 1.62
[95% CI, 1.06-2.46]) compared with those in the lowest (least deprived) quintile.
CONCLUSIONS AND RELEVANCE In an English nationally representative sample, the incidence
of dementia appeared to be socioeconomically patterned primarily by the level of wealth.
This association was somewhat stronger for participants born in later years.
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D ementia is one of themost fearedmedical conditionsworldwide; it represents a significant global chal-lenge tohealthandsocial care.1,2Recent evidence sug-
gests that dementia rates have decreased in the last few de-
cades in the United Kingdom and other parts of Western
Europe.3-5 Similarly, in the United States, the Framingham
Heart Studyhas shown that age-specific incidence rates of de-
mentia have decreased by almost 20%within the last fewde-
cades, and the greatest declineswere apparent in individuals
withhigher educational attainment relative tomorebasic edu-
cational attainment.6
Education may serve different roles in the development
of dementia: it is a proxy for early-life experiences and (pa-
rental) socioeconomic status (SES); it is related to future em-
ployment prospects, income, andwealth; it determines occu-
pational exposures and characteristics of adult life (eg, job
complexity,workstress, environmental exposures); and itpro-
vides lifelong skills for optimal mental abilities and mastery.
Education is also thought to be amarker of cognitive reserve,
which appears to be protective against cognitive impairment
and dementia risk, offering an increased neural network and
compensatory mechanisms throughout the life course, even
when individuals are facing neuronal death.7 Recent system-
atic reviews have highlighted that low educational level was
associated with a higher risk of dementia incidence8 as well
as with greater risk of dementia-related death.9 Some of this
evidence highlights that the role of education varies accord-
ing toperiod and sociocultural context. Thevariation in coun-
try-specific regulations on compulsory schooling and varia-
tions in measurement could account for the differences
reported in the literature.
Moreover, given that education is typically completed
many decades before dementia onset, other individual and
area-based components of SES, such as wealth, income, and
area deprivation, may provide a more accurate indication of
current socioeconomic resources. Also, at older ages, accu-
mulated wealth represents a more robust measure of socio-
economicresources than incomeoroccupationalone.10,11There
are relatively few studies to date that have used socioeco-
nomic indicators other than education to investigate demen-
tia risk. A recent analysis of the Health and Retirement Study
compared various SESmarkers, including parental education
(an early-life indicator) and education and income (adult and
late-life indicators) associated with late-life memory perfor-
mance anddecline. These findings indicated that incomewas
most stronglyassociatedwithdecline, althougheducationwas
the most influential determinant of baseline memory.12
Another aspect of socioeconomicposition involvesneigh-
borhoodcharacteristicsandtheareaofdeprivation level,which
combines information from multiple domains such as in-
come, employment, education, skills, training, health, dis-
ability, crime, and barriers to housing into a single measure.
Previous results from the English Longitudinal Study of Age-
ing (ELSA)showedthat the indexofmultipledeprivation (IMD),
the official measure of deprivation in England, was associ-
ated with cognitive performance in older age independently
of education and SES. These findings indicated that older
womenhad lower cognitive scores if they lived in anarea clas-
sified in the bottom 20% of IMD when compared with those
in the top (least deprived) quintile.13 In contrast,Meyer et al14
showed that neighborhood SES had limited effects on execu-
tive function, independent of personal characteristics such as
education and ethnicity. They also showed that individuals
withdementia living inneighborhoodswithhigher SES expe-
rienced faster rates of decline before further statistical adjust-
ment for education andethnicity.14 These findings are consis-
tent with the cognitive reserve hypothesis, which
acknowledges a rapid cognitive deterioration for people with
highereducationonce thepathologicalprocessassociatedwith
dementiahasbeen initiated.7However, findings fromtheSeoul
DementiaManagement Project15 showed therewere no addi-
tiveor synergisticeffectsbetween individual-level anddistrict-
level of SES, highlighting that the individual level contrib-
uted more to the development of cognitive impairment than
the district-level SES.
We aimed to describe dementia incidence in a nationally
representative cohort of British older adults and to investi-
gate the association with different socioeconomic markers,
bothvia the individual characteristics (education andwealth)
andgroup-level characteristics (IMD). A secondobjectivewas
to examine the role of socioeconomic markers between 2 in-
dependentagecohorts (thoseborn from1902 to 1925and from
1926 to 1943).
Methods
Data
TheEnglishLongitudinalStudyofAgeing (ELSA) isa large,mul-
tidisciplinary study representative of the English population
both in termsofsocioeconomicprofileandgeographic region.16
There have been 7 waves of data collection over a follow-up
period of up to 12 years, providing detailed information on
health,well-being,andsocioeconomiccircumstances.Weused
all the available data spanning 12 years across wave 1 (2002-
2003) to wave 7 (2014-2015). Refreshment samples were re-
cruited atwaves 3, 4, 6, and 7. For the current analyses,we in-
cludedonlyparticipants aged65years andolderwhowere free
of dementia at their baseline assessment at either wave 1 or
through the refreshment sampleofwave4 (Figure 1 for sample
selection).
Key Points
Question What is the association between various socioeconomic
markers and dementia incidence?
Findings This longitudinal cohort study found that lower wealth in
late life, but not education, was associated with increased risk for
dementia, suggesting that people with fewer financial resources
were at higher risk. No substantive differences were identified in
relation to the area of neighborhood deprivation; an age-cohort
effect was observed, highlighting that socioeconomic inequalities
were more robust among people born in later years.
Meaning The association between socioeconomic status and
dementia incidence in a contemporary cohort of older adults may
be driven by wealth rather than education.
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Ethical approval for each one of the ELSA waves was
grantedby theNationalResearchEthics Service (LondonMul-
ticentre Research Ethics Committee). All participants pro-
vided informed consent.
Study Variables
Dementia Ascertainment
Dementia occurrence was determined at each wave using an
algorithm based on a combination of self-reported or infor-
mant-reported physician diagnosis of dementia or Alzheimer
disease or a score above the threshold of 3.38 on the 16-
question InformantQuestionnaire onCognitiveDecline in the
Elderly.17 This questionnaire is administered to an informant
(eg, a family member or a caregiver), who can evaluate the
changes in theeverydaycognitive function.Each itemis scored
from1 (much improved) to 5 (muchworse). Thevalidityof this
scale was previously examined,18 and the threshold used has
both high specificity (0.84) and sensitivity (0.82).19
Socioeconomic Indicators
WemeasuredSESatbaseline, including individual characteris-
tics (educationandwealth)andarea-basedcharacteristics (IMD).
Educational attainmentwasclassified into4categories: (1)hav-
ingauniversitydegreeorhigher; (2)havingcompletedA-levels
or theequivalent,which is comparablewithhighschool gradu-
ation; (3)havingcompletededucationbelowtheA-level;and(4)
lackingformalqualifications.Wealthwascalculatedbysumming
wealth fromproperty, possessions,housing, investments, sav-
ings,artwork,andjewelry,andnetofdebt16; thiswasdividedinto
quintiles.The indexofmultipledeprivation (IMD) is a compos-
itemeasurewhichcombinesmultiple area-level SES indicators
intoa singledeprivationscore.20Weused the2004 IMDforEn-
gland (inwhich 1was least deprived and5wasmost deprived).
The highest levels ofwealth, education, and IMDwere used as
the reference group.
Covariates
Basedonprevious findings,21weconsideredbaseline age, sex,
marital status (married vs unmarried or widowed), and base-
line health (eg, history of stroke, coronary heart disease, hy-
pertension, and diabetes mellitus as potential confounders).
Being male, married, and having no health conditions were
used as the reference groups.
Age Cohorts
To investigate the change in incidence rates over the last de-
cade, we derived 2 groups: age cohort I (who were born be-
tween 1902-1925) and age cohort II (who were born between
1926-1943).Thisderivationwasgeneratedusingamediansplit
of all birth years (Figure 1).
Statistical Analyses
Incidence rates of dementia were computed by age and sex
per 1000 person-years. We performed χ2 tests to ascertain if
there were significant differences between SES groups. To
summarize the relationship between SES characteristics and
dementia incidence, Cox proportional hazards models with
age as the underlying time variable were used to calculate
hazard ratios (HRs) and accompanying 95% CIs.22 We
present the results from 4 models: model 1 included unad-
justed HRs; model 2 included sex and marital status; model
3 included model 2 with further adjustment for baseline
health indicators (stroke, hypertension, diabetes, and car-
diovascular disease), and model 4 included model 3 and fur-
ther adjusted for the additional socioeconomic indicators.
We used a forward stepwise approach and the Akaike Infor-
mation Criterion to select the model of best fit. Given that
the original IMD quintile classification was slightly under-
powered, we conducted a sensitivity analysis with the IMD
regrouped into a binary variable (with quintile 1 [Q1] set to 1
and Q2-Q5 set to 2).
The survival timewas calculated using participants’ base-
lineageat studyentryuntil theage theywere found tobeexpe-
riencingdementia,thepointoftheirdeath,ortheendofthestudy
period (the last wave before dropout, or wave 7, which ran in
2014-2015).TheSchoenfeldresidualtestwasusedtotestthepro-
portional hazards assumption of themodels.23 For individuals
whodidnotreportanexactdiagnosisdateorforthosewhosede-
mentiawas ascertainedwith InformantQuestionnaire onCog-
nitiveDeclineintheElderly,weconsideredthemidpointbetween
thewavewheredementiawasfirstascertainedandtheprevious
wavewhere itwasnot.Mortalitydatawereusedforparticipants
whohadprovidedwrittenconsent for linkage toofficial records
from the National Health Service central register; the records
available the time of these analyses continued until February
Figure 1. Flowchart of the Individuals Included in Analyses
11 392 ELSA cohort participants at wave 1
(2002-2003) aged ≥50 y
5490 ELSA cohort participants aged ≥65 y
as of wave 1
6220 ELSA participants included in main
analytical sample
463 Participants with dementia
1808 Were in age cohort I
(born 1900-1925)
239 Participants with
dementia
766 ELSA cohort participants
aged ≥65 y with complete
data added at wave 4
(2008-2009)
4412 Were in age cohort II
(born 1926-1943)
224 Participants with
dementia
5454 Participants included
36 Excluded because of missing
data at wave 1
5 Missing data on dementia
36 Missing data on wealth
16 Missing data on education
2 Missing IMD scores
4 Missing covariate data
Numbers of excluded persons are nonmutually exclusive. ELSA indicates the
English Longitudinal Study of Ageing; IMD, index of multiple deprivations.
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2013. All analyses were weighted using the baseline cross-
sectional weights derived in ELSA to ensure the sample is rep-
resentative of the English population.24
Giventhatdeath isoftenconsideredacompetingrisk forde-
mentia incidence,weconductedsupplementaryanalysesusing
a modification of the Fine and Gray Subdistribution Hazards
model25 toaccount for thecompetingriskofdeath,asdescribed
elsewhere26(eFigure1 intheSupplement).Allanalyseswerecon-
ductedinStataSE,Version14(StataCorp).Statisticalsignificance
wasconsideredtobeatorbelowthe .05 level.Additionaldetails
are noted in the eAppendix in the Supplement.
Results
The sample included in these analyseswas composedof 6220
individuals, accounting for 43 218 person-years (median fol-
low-upduration,7years; range, 1-12years).Of these,463 (7.4%)
were classifiedwithdementia during the surveillance period,
and 1971 (31.7%)died. Thebaselinemedian agewas 73.2 years
(interquartile range, 68.1-78.3 years), while themedian age at
the time of dementia ascertainment was 82.7 (interquartile
range, 78.2-87.8 years). The sample included 6220 people, of
whom3410 (54.8%)were female and2810 (45.8%)male, 3682
(59.2%) married, and 3288 (52.5%) without formal educa-
tional qualifications. Only 1049 of 6220 participants (16.9%)
attendeduniversity.Moremenwereeducated touniversityde-
gree level thanwomen,whilemorewomenhadno formal edu-
cational qualifications (χ23, 338.28;P ≤ .001). Thebaselineme-
dianwealth for theoverall samplewas £15 100 (approximately
$21,470; interquartile range [IQR], £2700-£62 546 [$3839-
$88935.30]); for the lowestquintile, themedianwealthas£120
(approximately $170.63; IQR, £0-£700 [$0-$995.34]), increas-
ing to £180 000 ($255 936.94; IQR, £117 000-£309 100
[$166 375.78-$439544.91]) in the highest quintile. Except for
stroke, which showed no clear SES gradient, all other health
conditions (cardiovascular disease, diabetes, and hyperten-
sion)were inversely associatedwitheachoneof theSESmark-
ers (results presented in eTable 1 of the Supplement).
Age-adjusted and sex-adjusted incidence rates for the full
ELSA sample and each specific age cohort are presented in
Table 1 and Figure 2. The overall incidence rate (IR) was 11.32
per 1000 person-years (95% CI, 10.34-12.41 per 1000 person-
years). As anticipated, there was a significant increase in de-
mentia IRs with age from an incidence of 4.38 (95% CI, 3.49-
5.57) in people aged 65 to 69 years to 24.69 (95% CI, 21.20-
28.91) for those80yearsorolder.Thecomparisonbetween the
2 distinct age-periods cohorts shows a 30% reduction in the
IRs of dementia for theoverlapping age groupof 75 to 79years
who were born between 1902 and 1925 (IR, 20.29; 95% CI,
16.45-25.28) and those born later between 1926 and 1943 (IR,
13.59; 95% CI, 10.33-18.20) (Table 1). There were no signifi-
cant sex differences in the IRs of dementia (eTable 1 in the
Supplement).
Individual and Area-Based SocioeconomicMarkers
The multivariable analyses are summarized in Table 2. Edu-
cation was not significantly associated with dementia inci-
dence, butwealthwasa strong indicator. Permodel4, thehaz-
ardsofdevelopingdementiawerehigher for those in the lowest
2 quintiles ofwealth (Q4: HR, 1.39; 95%CI, 1.00-1.95; andQ5:
HR, 1.50; 95%CI, 1.05-2.13;P for trend = .04), comparedwith
those in the highest quintile (Q1), independently of covari-
ates, education, and area-level socioeconomic characteris-
tics (Table 2 and Figure 3).
Area-based characteristics measured with IMDwere also
associated with dementia incidence. In contrast with indi-
viduals in the least-deprived areas (IMD Q1), the remaining 4
quintiles showed an increase in the hazard risk of developing
dementia in model 1 (Q2: HR, 1.44; 95% CI, 1.08-1.90; to Q5:
HR, 1.45; 95% CI, 1.06-1.99; P for trend = .04). However, only
the associationwith the second-highest quintile (Q2:HR, 1.41;
95%CI, 1.06-1.87)maintainedstatistical significance inthefully
adjusted model, independent of the other individual mark-
ers of SES.
Results fromthefirst sensitivityanalysis showedthat those
in the lowest 4 quintiles of IMD combinedhad increased risks
of developingdementia (HR, 1.32; 95%CI, 1.03-1.69;model 4)
comparedwith those living in the least deprived area (eTable
2 in the Supplement).
Individual and Area-Based SocioeconomicMarkers
Within Age Cohorts
An investigation of age cohort showed that education was
significantly associated with dementia for participants born
between 1926 and 1943 (age cohort II), but not for those born
earlier in the century (age cohort I). In age cohort II, there
was a greater hazard risk of dementia for those with no edu-
cation than those educated at university levels (HR, 1.43;
95% CI, 1.01-2.04; model 1). However, this association was
no longer significant once health conditions had been
entered, per model 3.
Wealthalso seemed tohavea stronger associationwithde-
mentia incidence within age cohort II, although this was not
statistically significant. The association of IMD with subse-
quent dementia was comparable in age cohort II and the full
sample, while differences between IMD quintiles were not
present for age cohort I inmodels 1, 2, and 3, before adjusting
for other SES markers.
Our additional analyses considering the competing risk of
death showed a similar pattern of decline in dementia inci-
dence over time (eFigure 2 in the Supplement) and a stronger
associationbetweendementia incidenceandall theSESmark-
ers includingeducation,butwithnoage-cohort effects (eTable
3 in the Supplement).
Discussion
InarepresentativesampleoftheEnglishpopulationaged65years
andolder,wefoundapositiveassociationbetweenlowerwealth
anddementiaincidencethatwasindependentofeducation,area-
leveldeprivation, andcovariates.This suggests ahigher risk for
individualswith fewer financial resources.Theassociationwas
moreconsistent forparticipantsbornafter 1926comparedwith
thosebornearlier inthe20thcentury.Additionally,therewasevi-
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dence for reduced incidenceamongparticipantsbornmore re-
cently.However,the2agecohortsoverlaponlyforthegroupaged
75 to79years.Differencesbetweenagecohorts in the incidence
of early-onset vs later-onset dementiasmay also be present.
Table 1. Dementia Incidence Rates Per 1000 Person-Years by Age Cohort
Characteristic
Total Cohort
(n = 6220)
Age Cohort I
(n = 1808)
Age Cohort II
(n = 4412)
No. (Cases of
Dementia/
Censored) Incidence Rate (95% CI)
No. (Cases of
Dementia/
Censored) Incidence Rate (95% CI)
No. (Cases of
Dementia/
Censored) Incidence Rate (95% CI)
Total 463/5757 11.32 (10.34-12.41) 239/1569 22.99 (20.31-26.11) 224/4188 7.06 (6.29-8.07)
Age group,y
65-69 71/2008 4.38 (3.49-5.57) NA NA 71/2208 4.38 (3.49-5.57)
70-74 105/1705 8.30 (6.88-10.08) NA NA 105/1705 8.30 (6.88-10.09)
75-79 127/963 17.14 (14.49-20.41) 79/518 20.29 (16.45-25.28) 48/475 13.59 (10.33-18.20)
≥80 160/1051 24.69 (21.20-28.91) 160/1501 24.69 (21.20-28.91) NA NA
Sex
Male 187/2623 10.27 (8.92-11.89) 82/655 20.53 (16.64-25.60) 105/1968 7.24 (6.01-8.81)
Female 276/3134 12.09 (10.76-13.63) 157/914 24.39 (20.95-28.55) 119/2220 6.92 (5.80-8.32)
Marital status
Married 254/3428 9.94 (8.81-11.26) 96/640 21.77 (17.93-26.68) 158/2788 7.35 (6.31-8.61)
Single/divorced 209/2329 13.35 (11.68-15.33) 143/929 23.80 (20.36-28.07) 66/1400 6.48 (5.12-8.34)
Education
Higher education 73/976 9.85 (7.86-12.50) 37/178 26.22 (19.22-36.58) 36/798 5.72 (4.17-8.08)
A-level 103/1444 9.17 (7.60-11.18) 48/325 19.78 (15.14-26.34) 55/1119 6.06 (4.69-7.99)
>A-level 20/316 9.71 (6.31-15.70) 10/82 23.11 (12.56-46.79) 10/234 5.70 (3.14-11.46)
No qualification 267/3021 13.08 (11.62-14.77) 144/984 23.46 (20.02-27.67) 123/2037 8.32 (7.00-9.97)
Wealtha
Q1 (Highest) 67/1062 7.92 (6.26-10.16) 33/213 19.28 (13.87-27.51) 34/848 4.88 (3.52-6.98)
Q2 82/1096 10.11 (8.16-12.67) 36/230 22.16 (16.18-31.11) 46/866 6.61 (4.99-8.95)
Q3 91/1154 11.03 (9.02-13.64) 49/289 23.33 (17.84-31.03) 42/865 6.66 (4.95-9.16)
Q4 102/1139 12.54 (10.38-15.28) 44/322 21.48 (16.12-29.19) 58/817 9.19 (7.18-11.95)
Q5 (Lowest) 121/1306 15.05 (12.62-18.10) 77/515 26.07 (21.02-32.70) 44/791 8.34 (6.27-11.35)
Index of multiple
deprivationb
Q1 (Least
deprived)
86/1291 8.62 (7.48-11.24) 49/333 19.27 (14.76-25.59) 37/958 4.82 (3.52-6.77)
Q2 116/1221 12.47 (9.50-14.06) 57/325 25.38 (19.71-33.1)8 59/896 7.92 (6.18-10.30)
Q3 97/1224 11.56 (10.20-15.10) 54/337 25.59 (19.73-33.71) 43/887 6.42 (4.80-8.76)
Q4 90/1109 11.99 (9.21-13.88) 43/314 21.51 (16.20-29.14) 47/795 8.35 (6.34-11.23)
Q5 (Most
deprived)
74/913 12.64 (10.70-16.86) 36/260 23.30 (19.97-32.79) 38/652 8.70 (6.37-12.19)
Stroke
No 407/5170 10.87 (9.87-11.99) 213/1426 22.41 (19.66-25.65) 194/3744 6.68 (5.82-7.71)
Yes 56/587 16.47 (12.78-21.56) 26/143 29.47 (20.40-43.92) 30/444 11.53 (8.16-16.82)
Hypertension
No 240/3239 11.27 (9.93-12.85) 137/854 24.68 (20.97-29.23) 103/2385 5.64 (4.66-6.88)
Yes 223/2518 12.44 (10.86-14.27) 102/715 20.16 (17.40-25.55) 121/1803 8.95 (7.53-10.73)
Diabetes
No 416/5215 11.12 (10.11-12.26) 223/1423 23.32 (20.51-26.60) 193/3792 6.64 (5.78-7.67)
Yes 47/542 13.52 (10.28-18.13) 16/146 19.06 (11.95-32.22) 31/396 11.66 (8.34-16.80)
Cardiovascular
disease
No 373/5081 10.17 (9.15-11.34) 193/1360 22.07 (19.24-25.43) 180/3721 6.65 (5.61-7.52)
Yes 90/676 16.21 (13.67-19.36) 46/209 28.00 (21.11-37.82) 44/467 11.03 (8.28-15.01)
Abbreviations: NA, not available; Q, quintile.
a In wealth rankings, Q1 indicates highest wealth category; Q2, the second
highest; Q3, the third highest; Q4, the fourth highest; and Q5, the lowest.
b In the index of multiple deprivation, Q1 indicates least deprived; Q2, the
second least deprived; Q3, the third least deprived; Q4, the fourth least
deprived; and Q5, most deprived.
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There are several possible explanations for the strong as-
sociationofwealthwith subsequenthealthoutcomes.Wealth
is an indicator of socioeconomic resources, and it could rep-
resent a gateway tomorementally stimulating environments
independent of the level of educational attainment. Previous
ELSA findings have shown that increased wealth facilitates
greater digital literacy, which is in turn associated with a re-
ducedriskofdementia.27Furthermore, increased financial sta-
tus couldprovide broader access to cultural resources andbe-
haviors (eg, reading, theaters, social clubs) or increased social
networks,which could ultimately contribute to higher cogni-
tive reserve.7,28
The integrated psychosocial resourcemodel proposed by
Matthews andGallo29 argues for the accumulation of psycho-
social and physical protective factors. However, in our analy-
ses, the relationship betweenwealth and dementia remained
statistically significant even after controlling for health-
related conditions associated with dementia.
There isalsoevidencethatpersistentSESdisadvantageisas-
sociatedwith impaired physiological functioning,30 increased
riskofdepression,31vasculardisease,andstroke.32Otherfactors,
suchas reducedexercise,poordiet,33 and inflammatoryvascu-
lar risk factors,34mayalsoplayapart in theassociationbetween
lowSES(asdefinedbywealth)and increaseddementia risk.Our
data showed a differential SES distribution for the health con-
ditionsmodeledascovariatesintheseanalyses,exceptforstroke,
whichshowednoclear SESgradient.Furtherworkon theELSA
data could explore thesemechanisms inmore detail to be able
todisentangle themediatingroleofpsychological, cardiovascu-
lar, and metabolic functions on the association between SES
markers and dementia.
The lack of a contextual, area-based SES effect on demen-
tia incidence isalsonotable.PreviousELSAfindingshavedocu-
menteda linkbetweenneighborhooddeprivationandcognitive
functioning, independent of individualmarkers of SES, show-
ing that individuals living in themostdeprivedareaofEngland
hadsignificantly lowercognitivescorescomparedwiththoseliv-
ing in themost affluent regions.13Our study foundan inconsis-
tentassociationbetweentheareadeprivation(IMD)anddemen-
tia incidence,withhigherratesforindividuals inthesecondquin-
tile of IMD compared with the top quintile (who were least
deprived). The reasons for this are not clear. Associationswere
observed for the lower IMDquintiles in first stagesof covariates
adjustment,butthesewerenolongersignificantwhenindividual-
level SES indicatorswere considered. This suggests thatmuch
of the effect of area deprivation is explained by the individual
characteristicsof thepeople living inthoseareas, rather thanthe
features of the areas themselves.
Inthiscohort,educationwasnotarobustpredictorofdemen-
tia incidence.Giventhatthisassociationwasnolongersignificant
after ageandsexwere taken intoaccount, it is possible that this
might be a specific cohort effect in theEnglish population born
and educated in the period surrounding theWorldWar II. Sup-
port for thisspeculationcomesfromanextensivepopulationco-
hortcollaboration(theEpidemiologicalClinicopathologicalStud-
iesinEurope),whichshowednoapparentprotectiveeffectofedu-
cationontheclinicalpresentationofdementia(eg,accumulation
of pathology, pathological severity, and level of compensatory
mechanismsforcognitive impairment).35Their findingsshowed
that individualswithhigher educationhadheavier brains, sug-
gesting greater cognitive reserve, but theywerenotnecessarily
able tocompensate for theaccumulationofvascularandneuro-
degenerativepathologies.However, theroleofeducationmight
besensitivetosocioculturalcontext.Similartoourfindings,other
investigationsfromtheRotterdamStudy,36 theRochesterEpide-
miology Project,37 and the Baltimore Longitudinal Study of
Aging38reportedalackofassociationbetweendementiaincidence
and education.
Incontrast, findingsfromtheHealthandRetirementStudy39
indicatedthathighereducationwasassociatedwitha lower risk
of dementia prevalence between 2000 and 2012, and in the
Kungsholmen study,40 education remained significantly asso-
ciatedwithdementiafollowingadjustmentforoccupationalclass.
Moreover, in the Canadian Study of Health and Aging,41 fewer
yearsofeducationwereassociatedwithanincreasedriskof late-
onsetAlzheimerdiseaseincidence,whilesubsequentresultsfrom
a 10-year follow-up (1991-2001)within the samestudy showed
that high complexity ofworkwithpeople or thingswas associ-
atedwithareducedriskofmostdementia types (Alzheimerand
vasculardementia).42Thesefindings indicateaprotectiveeffect
oftheoccupationaldemandsonthebrainachievedthroughalife-
timeoccupationalexposure.It isthereforepossiblethat individu-
als bornbefore theWorldWar IImaynotnecessarily havebeen
able to accesshigher education (becauseofmilitary service, fi-
nancial restrictions,andlimiteduniversityplaceavailability)but
may have gained access to intellectually challenging jobs and
growth opportunities after thewar.
Strengths
Toourknowledge, this is the first longitudinal studytoexamine
multiple facetsofSEScharacteristicsat individualandgrouplev-
elssimultaneouslyinassociationwithdementiaincidencewithin
anage-cohort context.Through theextensivemonitoringofbi-
ennial interviewsandalong-termfollow-up,wewereabletouse
anintegrativeapproachtostudytheassociationbetweenvarious
socioeconomicfactorsanddementiaincidence.Furthermore,we
Figure 2. Dementia Incidence Rates Per 1000 Person-Years
inMen andWomen Presented by Age-Groups in the English
Longitudinal Study of Ageing
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benefited fromamoredetailedassessmentofwealth thanwhat
isavailableinmoststudiestodate,becausethismeasurewascom-
putedonthebasisofaccurateinformationonmultiple individual
components rather than broad categorization of assets.
Limitations
This studyalsohas limitations.Given that the ascertainmentof
dementiadiagnosis is still challenging in theUKhealth services
andelsewhere, it is likelythatthepresenteddementia IRsareun-
derestimated. Other common issues such as nonresponse and
subsequentattritionare familiar tomost longitudinal surveys.43
Moreover,becauseofarelativelysmallsampleofdementiacases,
wedidnot explore the IRsofdementiaby specific typology (eg,
Alzheimerdisease, vascular,mixed).AlthoughELSA is ademo-
graphicallyrepresentativecohort,therace/ethnicityis97%white16
andwewerethereforeunableto investigatetheeffects thatrace/
ethnicitymighthaveontheoutcomeofdementia.Furthermore,
we did not investigate the difference in dementia incidence by
geographicalregions,giventhehighcollinearitywithIMD.Lastly,
as inanyobservational study,wecannotexcludetheriskofcon-
foundingbyotherfactors.Avenuesforfutureexplorationinclude
examiningthemediatingroleofcardiovasculardisease, lifestyle
factors,medical care andother risk factors that could influence
the association between SES anddementia.
Conclusions
Inanationally representativesampleofEnglishpeople65years
and older, the hazard risk of dementia incidence was associ-
ated with socioeconomic indicators, notably wealth. Socio-
economic inequalities weremoremarked in individuals born
in later years (from 1926 onwards) than in those born earlier
(between 1900 and 1925). Public health strategies for demen-
tia prevention should target socioeconomic gaps to reduce
health disparities and protect those who are particularly dis-
advantaged inaddition toaddressingvascular risk factors such
as hypertension, diabetes mellitus, smoking, and heart dis-
ease.
ARTICLE INFORMATION
Accepted for Publication:March 20, 2018.
Published Online:May 16, 2018.
doi:10.1001/jamapsychiatry.2018.1012
Open Access: This is an open access article
distributed under the terms of the CC-BY License.
© 2018 Cadar D et al. JAMA Psychiatry.
Correction: This article was corrected on July 3,
2018, to clarify ambiguous statements in the
Results section of the Abstract and the Findings
section of the Key Points that affected
interpretation.
Author Contributions:Drs Cadar and Steptoe had
full access to all the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis.
Study concept and design: Cadar, Llewellyn, Batty,
Steptoe.
Acquisition, analysis, or interpretation of data: All
authors.
Drafting of the manuscript: Cadar.
Critical revision of the manuscript for important
intellectual content: All authors.
Statistical analysis: Cadar
Obtained funding: Steptoe, Batty, Llewellyn.
Study supervision: Steptoe.
Conflict of Interest Disclosures:None reported.
Funding/Support: The work was supported by the
National Institute on Aging (grants 5218182,
RO1AG7644-01A1, and RO1AG017644). The English
Longitudinal Study of Ageing is funded by the
National Institute on Aging (grant RO1AG7644) and
by a consortium of UK government departments
coordinated by the Economic and Social Research
Council (ESRC) and the Office for National
Statistics. Dr Batty is also supported by the UK
Medical Research Council.
Role of the Funder/Sponsor: The funders had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of themanuscript; and decision to submit
themanuscript for publication.
Additional Information: The English Longitudinal
Study of Ageing (ELSA) was developed by a team of
researchers based at University College London,
the Institute for Fiscal Studies and the National
Centre for Social Research. The data are linked to
the UK Data Archive and freely available through
the UK data services and can be accessed at https:
//discover.ukdataservice.ac.uk.
REFERENCES
1. Livingston G, Sommerlad A, Orgeta V, et al.
Dementia prevention, intervention, and care. Lancet.
2017;390(10113):2673-2734.
2. MendezMF. Early-onset Alzheimer disease.
Neurol Clin. 2017;35(2):263-281.
3. Ahmadi-Abhari S, Guzman-Castillo M, Bandosz P,
et al. Temporal trend in dementia incidence since
2002 and projections for prevalence in England
andWales to 2040: modelling study. BMJ. 2017;
358:j2856.
4. Wu YT, Beiser AS, Breteler MMB, et al. The
changing prevalence and incidence of dementia
over time—current evidence.Nat Rev Neurol. 2017;
13(6):327-339.
5. Matthews FE, Stephan BC, Robinson L, et al;
Cognitive Function and Ageing Studies (CFAS)
Collaboration. A two decade dementia incidence
comparison from the Cognitive Function and
Ageing Studies I and II. Nat Commun. 2016;7:11398.
6. Satizabal CL, Beiser AS, Chouraki V, Chêne G,
Dufouil C, Seshadri S. Incidence of dementia over
three decades in the FraminghamHeart Study.
N Engl J Med. 2016;374(6):523-532.
7. Stern Y. Cognitive reserve in ageing and
Alzheimer’s disease. Lancet Neurol. 2012;11(11):
1006-1012.
8. Sharp ES, Gatz M. Relationship between
education and dementia: an updated systematic
review. Alzheimer Dis Assoc Disord. 2011;25(4):
289-304.
9. Russ TC, Stamatakis E, Hamer M, Starr JM,
Kivimäki M, Batty GD. Socioeconomic status as a
risk factor for dementia death: individual
participant meta-analysis of 86 508men and
women from the UK. Br J Psychiatry. 2013;203(1):
10-17.
10. Banks J, Karlsen S, Oldfield Z. Socio-economic
position. In: Marmot M, Banks J, Blundell C, Lessof
C, Nazroo J, eds.Health, Wealth and Lifestyle of the
Older Population in England. London, United
Kingdom: Institute for Fiscal Studies; 2003:71-125.
Figure 3. Smoothed Hazard Estimates by Age per 1000 Person-Years
byWealth Quintiles in the English Longitudinal Study of Ageing
40
20
30
H
az
ar
d 
Es
tim
at
es
 p
er
 1
00
0 
Pe
rs
on
-Y
ea
rs
10
0
Age, y
70 80 90 100
1
Wealth
quintiles
2
3
5
4
Wealth quintile 1 indicates the highest level of wealth; quintile 5, the lowest.
Individual and Area-Based Socioeconomic Factors AssociatedWith Dementia Incidence in England Original Investigation Research
jamapsychiatry.com (Reprinted) JAMAPsychiatry July 2018 Volume 75, Number 7 731
Downloaded From:  by a University of Exeter User  on 10/15/2018
11. Demakakos P, Biddulph JP, BobakM, Marmot
MG.Wealth andmortality at older ages:
a prospective cohort study. J Epidemiol Community
Health. 2016;70(4):346-353.
12. Marden JR, Tchetgen Tchetgen EJ, Kawachi I,
Glymour MM. Contribution of socioeconomic status
at 3 life-course periods to late-life memory function
and decline: early and late predictors of dementia
risk. Am J Epidemiol. 2017;186(7):805-814.
13. Lang IA, Llewellyn DJ, Langa KM,Wallace RB,
Huppert FA, Melzer D. Neighborhood deprivation,
individual socioeconomic status, and cognitive
function in older people: analyses from the English
Longitudinal Study of Ageing. J Am Geriatr Soc.
2008;56(2):191-198.
14. Meyer OL, Mungas D, King J, et al.
Neighborhood socioeconomic status and cognitive
trajectories in a diverse longitudinal cohort. Clin
Gerontol. 2018;41(1):82-93.
15. Kim GH, Lee HA, Park H, et al. Effect of
individual and district-level socioeconomic
disparities on cognitive decline in
community-dwelling elderly in Seoul. J Korean Med
Sci. 2017;32(9):1508-1515.
16. Steptoe A, Breeze E, Banks J, Nazroo J. Cohort
profile: the English Longitudinal Study of Ageing.
Int J Epidemiol. 2013;42(6):1640-1648.
17. Jorm AF. A short form of the Informant
Questionnaire on Cognitive Decline in the Elderly
(IQCODE): development and cross-validation.
Psychol Med. 1994;24(1):145-153.
18. Jorm AF, Masaki KH, Davis DG, et al. Memory
complaints in nondementedmen predict future
pathologic diagnosis of Alzheimer disease.Neurology.
2004;63(10):1960-1961.
19. Quinn TJ, Fearon P, Noel-Storr AH, Young C,
McShane R, Stott DJ. Informant Questionnaire on
Cognitive Decline in the Elderly (IQCODE) for the
diagnosis of dementia within community dwelling
populations. Cochrane Database Syst Rev. 2014;(4):
CD010079.
20. Noble M,Wright G, Dibben C, et al. The English
Indices of Deprivation 2004: Summary
(revised)—Report to the Office of the Deputy Prime
Minister. London, United Kingdom: Neighbourhood
Renewal Unit; 2004.
21. Gao S, Hendrie HC, Hall KS, Hui S. The
relationships between age, sex, and the incidence
of dementia and Alzheimer disease:
a meta-analysis. Arch Gen Psychiatry. 1998;55(9):
809-815.
22. Commenges D, Letenneur L, Joly P, Alioum A,
Dartigues JF. Modelling age-specific risk:
application to dementia. Stat Med. 1998;17(17):
1973-1988.
23. Cleves M, GouldWW, Gutierrez R, Marchenko
YV. An Introduction to Survival Analysis Using Stata.
3rd ed. College Station, TX: Stata Corp; 2016.
24. Scholes S, Medina J, Cheshire H, Cox K, Hacker
E, Lessof C.Methodology London. London, UK: The
Institute for Fiscal Studies; 2009:chap 9.
25. Fine JP, Gray RJ. A proportional hazards model
for the subdistribution of a competing risk. J Am
Stat Assoc. 1999;94(446):496-509.
26. Chang C-CH, Zhao Y, Lee C-W, Ganguli M.
Smoking, death, and Alzheimer disease: a case of
competing risks. Alzheimer Dis Assoc Disord. 2012;
26(4):300-306.
27. d’Orsi E, Xavier AJ, Rafnsson SB, Steptoe A,
Hogervorst E, Orrell M. Is use of the internet in
midlife associated with lower dementia incidence?
results from the English Longitudinal Study of
Ageing. Aging Ment Health. 2017;10:1-9.
28. Colangeli S, Boccia M, Verde P, Guariglia P,
Bianchini F, Piccardi L. Cognitive reserve in healthy
aging and Alzheimer’s disease: a meta-analysis of
fMRI studies. Am J Alzheimers Dis Other Demen.
2016;31(5):443-449.
29. Matthews KA, Gallo LC. Psychological
perspectives on pathways linking socioeconomic
status and physical health. Annu Rev Psychol. 2011;
62:501-530.
30. Yang YC, Gerken K, Schorpp K, Boen C, Harris
KM. Early-life socioeconomic status and adult
physiological functioning: a life course examination
of biosocial mechanisms. Biodemography Soc Biol.
2017;63(2):87-103.
31. Freeman A, Tyrovolas S, Koyanagi A, et al. The
role of socio-economic status in depression: results
from the COURAGE (aging survey in Europe). BMC
Public Health. 2016;16(1):1098.
32. Hart CL, Hole DJ, Smith GD. The contribution of
risk factors to stroke differentials, by
socioeconomic position in adulthood: the
Renfrew/Paisley Study. Am J Public Health. 2000;
90(11):1788-1791.
33. LaaksonenM, Talala K, Martelin T, et al. Health
behaviours as explanations for educational level
differences in cardiovascular and all-cause
mortality: a follow-up of 60000men and women
over 23 years. Eur J Public Health. 2008;18(1):38-43.
34. Hsu PF, PanWH, Yip BS, Chen RC, Cheng HM,
Chuang SY. C-Reactive protein predicts incidence of
dementia in an elderly Asian community cohort.
J AmMed Dir Assoc. 2017;18(3):277.e7-277.e11.
35. Brayne C, Ince PG, Keage HA, et al; EClipSE
Collaborative Members. Education, the brain and
dementia: neuroprotection or compensation? Brain.
2010;133(Pt 8):2210-2216.
36. Ott A, van Rossum CT, van Harskamp F, van de
Mheen H, Hofman A, Breteler MM. Education and
the incidence of dementia in a large
population-based study: the Rotterdam Study.
Neurology. 1999;52(3):663-666.
37. Beard CM, Kokmen E, Offord KP, Kurland LT.
Lack of association between Alzheimer’s disease
and education, occupation, marital status, or living
arrangement. Neurology. 1992;42(11):2063-2068.
38. Kawas C, Gray S, Brookmeyer R, Fozard J,
Zonderman A. Age-specific incidence rates of
Alzheimer’s disease: the Baltimore Longitudinal
Study of Aging.Neurology. 2000;54(11):2072-2077.
39. Langa KM, Larson EB, Crimmins EM, et al. A
comparison of the prevalence of dementia in the
united states in 2000 and 2012. JAMA Intern Med.
2017;177(1):51-58.
40. Karp A, Kåreholt I, Qiu C, Bellander T, Winblad
B, Fratiglioni L. Relation of education and
occupation-based socioeconomic status to incident
Alzheimer’s disease. Am J Epidemiol. 2004;159(2):
175-183.
41. Lindsay J, Laurin D, Verreault R, et al. Risk
factors for Alzheimer’s disease: a prospective
analysis from the Canadian Study of Health and
Aging. Am J Epidemiol. 2002;156(5):445-453.
42. Kröger E, Andel R, Lindsay J, Benounissa Z,
Verreault R, Laurin D. Is complexity of work
associated with risk of dementia? the Canadian
Study of Health And Aging. Am J Epidemiol. 2008;
167(7):820-830.
43. Banks J, Muriel A, Smith JP. Attrition and health
in ageing studies: evidence from ELSA and HRS.
Longit Life Course Stud. 2011;2(2).
Research Original Investigation Individual and Area-Based Socioeconomic Factors AssociatedWith Dementia Incidence in England
732 JAMAPsychiatry July 2018 Volume 75, Number 7 (Reprinted) jamapsychiatry.com
Downloaded From:  by a University of Exeter User  on 10/15/2018
